Purpose: Individuals affected by genetic conditions are increasingly likely to seek information about inheritance and risk factors from their primary care physicians rather than a geneticist, but several studies suggest that few health care providers are capable of fulfilling that role or are comfortable doing so. Acknowledging that the adoption of new genetics knowledge and technologies is often patient-driven, we asked affected individuals and family members about their experiences in encounters with a variety of nongenetics-trained health care providers. Methods: Staff at the National Coalition for Health Professional Education in Genetics, the Genetic Alliance, and a University of Maryland graduate student in genetic counseling drafted a web-based survey. We recruited study participants from 
Genetics now has established itself in the United States and in other countries not only as a specialty of medicine but also as a thread throughout all of health care. 1, 2 Individuals affected by genetic conditions are therefore increasingly likely to seek information about inheritance and risk factors from their primary care physicians rather than a geneticist, 3 but several studies suggest that few health care providers can fulfill that role or are comfortable doing so. 4 -9 There is a concerted impetus from government agencies and scientific groups to educate future practitioners about genetics and to incorporate more genetics into the general practice of health care. 10 -12 Professional societies, advocacy organizations, and government agencies have drafted genetics competencies (see Core Competencies in Genetics Essential for All Health-Care Professionals at www.nchpeg.org), curricular recommendations for training programs, and policy statements for specific disorders, and have launched public campaigns to convey the value of genetic family history information (see the Surgeon General's Family History initiative at www. hhs. gov/familyhistory/).
Historically, research involving genetic conditions has had a clinical focus and has been conducted by a small subset of the medical community. As our knowledge of genetic contributions to rare and common conditions grows, however, the base of "genetics consumers" is growing and becoming more prominent in health care, providing opportunities for larger and more varied types of investigations. In addition, disease-specific advocacy organizations have robust networks supported by electronic communications, and therefore even rare diseases have accessible representatives. We set out to investigate what individuals and families with genetic conditions experience firsthand in encounters with their providers. Key questions guiding this analysis include:
1. How do respondents rank their health care providers ' knowledge of the genetics of the condition in the family? 2. Do people who rate their own knowledge as good or excellent assess their providers' knowledge differently from those who rate their own knowledge as fair or poor? 3. Is consultation with a genetics-trained provider associated with higher self-assessed knowledge scores than is the absence of such consultation? 4. What factors contribute to positive and disappointing experiences with knowledgeable and uninformed providers, respectively? 5. If not from their health care providers, where do respondents find educational information about the genetics of a condition in themselves or family members?
6. Does the source of disease-related information affect respondents' self-assessed level of knowledge?
MATERIALS AND METHODS

Study sample
We recruited study participants from organizations that are members of Genetic Alliance (GA), an international coalition of more than 600 advocacy organizations representing more than 14 million members and more than 1000 genetic conditions. GA invited the leader(s) of each member organization to disseminate the survey instrument to his or her organization through a blast e-mail that included the survey's internet address. We collected no personal identifiers, and all participation was voluntary. This study was reviewed and accepted (number H-26237) by the Institutional Review Board for Human Subjects Research at the University of Maryland, Baltimore.
Survey instrument
The survey asked participants to do the following:
1. share medical-demographic information such as diagnosis, number of affected family members, time since diagnosis, types of providers consulted, and membership in specific advocacy organizations; 2. rank their genetics knowledge of the condition, as well as the genetics knowledge and specific clinical skills for the provider type named "most important" in the management of their condition; 3. identify the most common sources of genetics education information; and 4. write anecdotes about positive and negative experiences with knowledgeable and uninformed providers, respectively.
The survey was accessible online; a back-end Excel database (Microsoft Corp, Redmond, WA) stored electronic submissions. Data collection continued from December 2004 to the end of August 2005 and is the basis for the final study sample used for this analysis.
Data analysis
We assigned thematic codes to qualitative, written responses and attained greater than 90% interrater reliability. We analyzed quantitative data from the final data set using the Statistical Package for the Social Sciences 13.0 (SPSS Inc., Chicago, IL) for Windows XP. We calculated parametric and nonparametric tests (analysis of variance, Kruskal-Wallis chi-square, Wilcoxon, ordinal logistic regression) in addition to basic descriptive statistics to answer the research questions posed here. Responses of "poor," "average," "good," and "excellent" were assigned numeric values 1 through 4 to facilitate presentation of results in terms of mean scores. To assess the independent association of an outcome with multiple measures, we used multivariate tests (analysis of variance, ordinal logistic regression); this allowed us to see whether each factor made a contribution to the outcome over and above the other factors in the model. When a parametric technique was used to obtain estimates of the size of independent associations for singleitem outcomes, the significance of relationships was obtained by ordinal logistic regression.
RESULTS
We received 5915 completed surveys from members of 309 unique advocacy organizations. Some 78% of respondents reported being a member of a formal advocacy organization; 22% were not, but may have been on a group mailing list or heard about the survey from a friend or family member. We cannot estimate accurately the total number of individuals made aware of the online survey, but the magnitude of the response indicates that it was circulated extensively. Table 1 shows the 25 most commonly represented conditions among the 5915 respondents, provides the generally accepted incidence and/or prevalence, and lists known modes of inheritance for each condition. It is apparent that the prevalence of a condition does not correlate with the number of responses, which might instead reflect other factors, including the morbidity of the condition, the encouragement of the advocacy group's leadership, and the group's communication channels.
Half of respondents (50.1%) reported that they did not have the genetic condition identified in the survey. The remaining respondents were divided almost equally between those who are the only one in their family with the condition (23.0%) and those who also had a family member with the condition (26.9%). More than half of the respondents (54.7%) reported having children with the condition, followed by parents (17.8%), siblings (14.4%), and spouses (4.1%). The majority of respondents also reported having received a diagnosis within 5 years of completing the survey and consulting an average of six different provider types (excluding genetics professionals).
If not from their health care providers, where do patients find educational information about the genetics of a condition in themselves or family members?
From the total of 5915 responses, 3769 study participants (64%) reported receiving no genetics-education materials from their providers. Respondents did, however, seek out genetics-related information from the sources detailed in Fig. 1 . We used multivariate analysis to determine whether the sources in Fig. 1 had independent effects (i.e., effects net of one another) on the assessment of genetics knowledge scores. The sizes of these effects were obtained by comparing estimated mean knowledge scores for those who did versus those who did not report using each source, controlling for the absence/presence of the other sources. With the exception of websites, use of each source of information was significantly (P Ͻ .001) associated with an independent increase in self-assessed knowledge Is consultation with genetics-trained provider associated with higher self-assessed knowledge scores than the absence of such consultation?
Of 5915 respondents, 4604 (78%) reported seeing a genetics specialist in addition to other providers previously listed; 2236 saw an MD geneticist; 1957 saw a genetic counselor; and 411 saw a nurse specialist in genetics. Those who saw any of the above specialists rated their knowledge of the genetics of the condition in their family significantly higher than those who did not (3.29 vs. 3.08; P Ͻ .001). Multivariate analysis indicated that seeing an MD geneticist or a genetic counselor made a significant (P Ͻ .001 by the Kruskal-Wallis test) independent contribution to respondent knowledge; seeing a nurse did not make a significant independent contribution.
How do patients rank their health care providers' knowledge of the genetics of the condition in the family? How does this compare with rankings of providers' knowledge? Table 2 lists the 25 most frequently consulted provider types and ratings for each type's "overall knowledge of the genetics of the condition" in respondents' families. Eighty-five percent of respondents rated their own understanding of the genetics of the condition in the family as good or excellent. Only 2% of respondents ranked their own knowledge of the genetics of the condition in their family as poor. In contrast, ratings of providers' knowledge as good/excellent ranged between 17.4% and 62.4%, all of which are significantly (P Ͻ .001 by the Wilcoxon test) lower than patients' ratings of their own knowledge.
Rating specific skills for the "most important provider" in the provision of care
Respondents were also asked to indicate the provider type they considered to be most important in the ongoing management of their condition. Primary care physicians filled this role most often (17.2% indicated family practice and 13.7% indicated pediatricians). Respondents were asked to rate their most important provider on his/her ability to do the following:
• identify needed services, • collaborate on developing and monitoring treatment plans, • understand the medical impact of the condition in the family, and • understand the psychosocial impact of the condition in the family.
For analysis, primary care providers were grouped and compared with allied health providers and specialist physicians. The primary care means include scores for family practice physicians and pediatricians. The allied health means include scores for physical therapists, occupational therapists, social workers, speech-language pathologists, and psychologists/psychiatrists (psychiatrists were not separated out of this group). The specialist-physician means include cardiologists, oncologists, surgeons, urologists, and so forth (see the list of provider types in Table 2 ). Table 3 shows that respondents scored allied health care providers the highest on all four measures, followed by specialist physicians, with primary care providers faring worst (exclusive of the "other" category).
What factors contribute to positive and disappointing experiences with knowledgeable and uninformed providers, respectively?
When asked to explain an experience where they were impressed by a provider's knowledge, 1978 respondents replied. The most prevalent, positive themes expressed are in Table 4 .
When asked to explain an experience when they were disappointed by providers' knowledge, 3828 respondents replied. Table 5 describes the most prevalent, negative themes.
Did self-assessments of knowledge influence respondents' assessments of their providers' knowledge?
Most provider types received significantly higher knowledge scores from respondents whose self-assessed knowledge was good or excellent than from respondents whose self-assessed knowledge was poor or average (P Ͻ .05-P Ͻ .001 by the Kruskal-Wallis test). The exceptions (nonsignificant differences in provider knowledge scores according to respondents' self-assessed knowledge scores) include audiologists, chaplains, emergency physicians, nephrologists, and otolaryngologists. The 25 provider types listed here represent 95% of all providers identified by respondents in the management of their condition.
DISCUSSION
Although several studies 5, 8, 13, 14 have investigated the role of genetics in practice, consumers only rarely have been asked to share their perceptions of providers' knowledge of genetics and proficiency in the delivery of genetics-related services. In isolation, the conditions represented in this study affect relatively small numbers of individuals, but in the aggregate, these individuals and families constitute a large population that, increasingly often, deftly negotiates the health care system. These individuals are affected by chronic conditions requiring frequent visits with multiple provider types and therefore have a broader and deeper experience with various health care providers than does the average consumer.
The inclusion of multiple provider types and of conditions with complex and Mendelian causes allowed us to capture a more complete picture of the reach of genetics in health care and to answer nondisease-specific questions about genetic services. As a group, particularly through membership in organizations such as the GA, genetics consumers are increasingly successful in lobbying for national policies such as legislation to prohibit genetic discrimination, in collaborating directly with basic scientists and clinical investigators to identify causative genes and to implement effective therapies, 1, 15, 16 and in raising awareness about the role of genes in common, complex diseases that cluster in family histories. Inclusion of this constituency in discussions about the incorporation of genetics into preservice curricula, continuing education, and daily practice is critical to ensure that genetics knowledge is applied appropriately across health care disciplines.
Given their prominence in the care of children and adolescents, it is not surprising that family practitioners and pediatricians were the most frequently consulted and considered "most important" in medical management. It is surprising, however, that 64% of respondents reported receiving no genetics education from their providers, despite having chronic conditions that pose risks to themselves, their offspring, and other family members. It follows that multiple provider types in multiple clinical settings are overlooking opportunities to provide and discuss genetics-related information with individuals and families.
We are assuming, however, that respondents consult the "most important provider type in the management of their condition" more frequently than other provider types. Therefore, there are more opportunities for these providers to educate their patients about genetics-related issues that arise as their patients and families move through various life stages. One must ask whether providers have the necessary genetics information to seize these opportunities, particularly at the point-of-care, and whether providers view that information as clinically relevant and useful. a This category includes the following types of comments: provider lacks interest/knowledge (n ϭ 1099), providers did not look for information/research on their own (n ϭ 82), provider was nonreceptive to patient-provided information (n ϭ 41), non-empathetic or rude (n ϭ 51), unwilling to look at differential diagnoses (n ϭ 16), and unwilling to admit a lack of knowledge (n ϭ 18).
Individuals and families with genetic conditions, however, are not solely reliant on their providers as sources of information. In the absence of genetics information from providers, individuals and families turned to multiple sources. Advocacy organizations and the literature were associated with the largest increases in knowledge scores, suggesting that both sources educate and empower individuals and families with genetic conditions. Because respondents were recruited through advocacy organizations, it also is possible that our sample was highly selective for individuals who would look to such groups for information. Individuals who are members of advocacy organizations get added value for their membership because the organizations often filter, annotate, and refine general information, thereby concentrating its value and enhancing its accessibility.
Seventy-eight percent of respondents reported consulting a genetics professional, which resulted in significantly higher self-assessments of knowledge among respondents to the present survey.
Furthermore, individuals who ranked their own knowledge as good or excellent were, in turn, significantly more generous when scoring the perceived genetics understanding of other types of health care providers. Did respondents who rated their own knowledge more highly somehow direct their interactions with providers toward genetics-oriented questions and care, resulting in higher scores for the providers? Were such respondents simply better able to determine what their providers knew about genetics than were less-well-informed respondents? Were these respondents better educated by informed providers or a priori less tolerant of ill-informed providers? The design of our study did not reveal answers to those questions, but the finding that educated health care consumers (those who rated their own genetics knowledge as good or excellent) in this study gave higher marks to their providers does offer some incentive for providers to pursue genetics education to benefit their patients and the patient-provider relationship.
The provider rankings in Table 2 offer a snapshot of the status of genetics knowledge across disciplines, and there are a few notable trends. First, affected individuals and families with genetic conditions scored specialists higher than generalists, which is logical considering the focused nature of targeted therapies. But the overall distribution of "poor" rankings in Table 2 (minimum 16.8%, maximum 62%, median 31.2%, average 31.7%) indicates that there is much work to be done to incorporate genetics across health care professions in general. Table 3 , which compares the most frequently consulted providers, highlights the importance of allied health disciplines in primary care and team management. Although allied health professionals were not considered to be the "most important" providers in the management of the condition for the majority of respondents, they scored higher than other providers on specific management skills (i.e., identifying needed services, developing management plans, and understanding the medical and psychosocial impact of the condition in the family), better than primary care and specialist physicians.
The qualitative responses offer insights into the consumers' desire for knowledgeable providers. One attribute that respondents value highly is the provider's willingness to learn and to appreciate the knowledge and practical experience of individuals and families living with chronic conditions. The following quotes, drawn from several hundred, reflect the central importance among respondents of providers' willingness to learn and to be receptive. with great trepidation that we meet our new doctor, always wondering how much we will have to educate the doctor. This is a very delicate situation to be in as you can imagine. It is a relief when we get a doctor who has knowledge of Marfan syndrome or is cooperative about learning. 8. We like our doctor. We don't really expect him to know anything about our syndrome. We teach him.
Education of health care professionals about the genetic contributions to morbidity and mortality is becoming increasingly important as we grow to appreciate the increased empirical risks to relatives when there is a positive family history of complex disease. Similarly, recognition of genetic red flags and Mendelian modes of inheritance is critical for the management of affected individuals and for addressing increased risk to relatives and offspring. Improving providers' knowledge of a large number of rare conditions, however, is unlikely, but improving the inclusion of genetics principles throughout curricula may result in more receptivity among health professionals to their patients and families affected by genetic conditions.
Limitations
Several conditions in the final sample were represented by only one individual. In addition, disease names were being added to the online survey drop-down menus several months into data collection, so several hundred respondents may have been excluded inadvertently (surveys that did not specify a condition were excluded from analysis). The online nature of the survey, although accommodating a large number of respondents, also excluded those without Internet access or those with vision impairment. Conversely, ascertainment bias among online survey respondents may have artificially inflated the frequency with which the Internet was cited as a prime resource for genetics information.
The use of "websites" as a source for information did not have a significant independent effect on self-assessed knowledge scores. Although it is tempting to assume that the category "websites" captures sites other than advocacy organization's web portals, we cannot be certain that is the case; respondents may have checked "website" when the website was that of an advocacy organization. The inability to distinguish these sites may have confounded our interpretation of the independent effects of websites on respondents' knowledge scores.
Although a majority of respondents reported receiving no genetics education materials from the provider type they consider most important in the management of their condition, we cannot determine how often respondents may have received genetics education materials before meeting with this provider, for example, at the time of diagnosis from a genetics professional.
In addition, because the knowledge ratings are subjective, we cannot specify what an "average" level of provider knowledge might entail or confirm that respondents truly have a "good" or accurate understanding of the genetics of the condition in their family. The breadth and genetic heterogeneity of conditions among respondents makes establishing a baseline knowledge score for comparison exceptionally daunting. In lieu of doing so, we compared individuals' own knowledge rankings with their assessment of their providers' knowledge. This study, however, involved highly motivated, educated consumers, the majority of whom participate in advocacy organizations and advocacy activities; therefore, any extrapolation of results to the general public is speculative.
One might infer that patients who have a positive feeling about their providers' level of genetics knowledge also have better health outcomes, but we did not measure the correlation between providers' understanding of genetics and patient outcomes.
The measures developed for this study are single items. These may not have the sensitivity of multi-item measures and may not capture all the distinct aspects of the construct being measured. Thus, we might have missed subtle differences. The study's large sample size, however, compensates by providing substantial statistical power to detect small associations. Future research should consider development of multi-item measures that assess multiple dimensions.
Given these limitations, this study produced a large and varied data set. Next steps include disease-specific and providertype specific analyses. Further study of noncomputer-literate individuals and individuals affected by genetic conditions who are not members of advocacy organizations may be needed to present a more representative picture.
CONCLUSION
More than 80% of 5915 respondents reported having between one and four affected family members, having been diagnosed within the last 5 years, and consulting an average of six different provider types (excluding genetics professionals). Despite having chronic genetic conditions that pose risks to themselves, their offspring, and other family members, 64% of the total study sample reported receiving no genetics education materials from their providers. Therefore, it is reasonable to conclude that multiple provider types in multiple clinical settings are overlooking opportunities to discuss genetics-related information with affected individuals and families over time, particularly as patients transition through various life stages.
These data highlight the importance of allied health providers and demonstrate the need for a team approach to care through communication across disciplines. Allied health providers, in fact, scored higher than primary care and specialist physicians in their ability to collaborate with patients to identify needed services and to develop management plans, and in their understanding of the medical and psychosocial impact of the condition on the family. Yet, the overall distribution of "poor" knowledge rankings among providers indicates that there is much work to be done to incorporate genetics in a clinically meaningful way across disciplines.
In the absence of genetics information from providers, individuals and families turned to multiple sources (including the Internet, advocacy organizations, literature, and classes). In turn, these educated consumers expressed frustration with an apparent lack of receptivity among providers to information about the genetic condition in the family.
Education of health care professionals about the genetic contributions to morbidity and mortality is becoming increasingly important as we grow to appreciate the increased risk to relatives when there is a positive family history of complex disease. Similarly, recognition of genetic red flags and familiarity with Mendelian modes of inheritance is critical for managing affected individuals and addressing increased risk to relatives and offspring. Inclusion of genetics principles in the education of health professionals, and access to clinically relevant genetics content at the point-of-care, may help to improve the care of patients and families affected by genetic conditions. ACKNOWLEDGMENTS
